The syntheses of 1,2-dideoxy-D-ribofuranose and 1,2-dideoxy-l-phenyl-0-D-rlbofuranose are described.
INTRODUCTION
The identification and isolation of genes often involves the use of specific hybridisation probes which, historically, were derived from natural sources such as mRNA, or prepared from cDNA. More recently it has been demonstrated that synthetic oligonucleotides predicted from the amino acid sequence of a protein can be used for the isolation and sequencing of genes from both mRNA and DNA sources. However, owing to redundancies in the genetic code for most amino acids it is often necessary to synthesise a large number of oligonucleotide sequences to represent all the possible combinations of triplet codon usage. These oligonucleotides may either be synthesised separately or, more commonly, as a mixture. To identify a single target sequence in a DNA population a mixed probe must then be used under stringent hybridisation conditions.
Nucleic Acids Research
components cannot be guaranteed, Finally, whilst the sequencing of simple mixtures by the Maxam and 4 5 Gilbert method is possible ' the detailed analysis of complex mixtures is not possible by any method.
Our approach to the solution of these problems is to design an analogue base which can be incorporated Into a synthetic oligonucleotide at points of redundancy. This universal base may also give some insight into the important factors involved in DMA helix stability.
As part of a continuing study we wish to report the syntheses of 1,2-dideoxy-D-ribofuranose and 1,2-dideoxy-l-phenyl-B-D-ribofuranose and their incorporation into synthetic oligonucleotides using automated solid phase phosphotriester methodology.
In order to investigate the effect of the introduction of base analogues on duplex stability it was decided to use sequences from the chymosin qene as a model system. The chymosin A and B genes differ by only one base, an A to G change at Asp-286 and oligonucleotides of 15 residues (sequences A and B) containing this site were synthesised. The complementary strand
(sequences E and F) to each of these had been synthesised previously and in order to test the effect of all base pair combinations it was decided to synthesise sequences C and D. The no-base and phenyl analogues were incorporated into the modified complementary strand at position 5 as shown below and the effects on helix stability were investigated by observing changes in the "melting temperature" (T ) . 
RESULTS
The basic synthetic strategies for no-base and phenyl analogues are outlined in Schemes I and II respectively. The nucleotide starting material is the readily available 2 1 -deoxyadenosine monohydrate (1). Acylation and subsequent depurination was carried out as previously described except that a mixture of benzoyl chloride and 4-dimethylaminopyridine was used as the acylating agent. The more polar anomer of the acetal (3) was predominant in the ratio of 3ri and the overall yield of (3_) based on 2'-deoxyadenosine was 72%. Reaction of the acetal (3) with ethanethiol in dry dichloromethane using one equivalent of anhydrous zinc bromide gave an anomeric mixture of the thioacetal (4_) in excellent yield (90%) . Raney nickel desulphurization of (£) dissolved in ethanol gave none of the expected product (5) using the method of Tomoya et al and only very low yields were obtained when ethyl acetate or acetone were used as solvents. However, when the reaction was carried out in dioxan as solvent and in the presence of powdered calcium Scheme II) hydride the ether (5^) was obtained in 64% yield.
Quantitative removal of the benzoyl groups was accomplished using freshly prepared sodium methoxide in dry methanol. Protection of the Chydroxyl group of the ether (6) was achieved using a slight excess of 4,4'-dimethoxytrity1 chloride in anhydrous pyridine giving a 90% yield of the 1,2-dideoxy-D-ribofuranose derivative (_7) . The synthesis of the phosphodiester (8) was completed by phosphorylation of the alcohol (7) 14 with a mixture of 2-chlorophenylphosphorodichloridate and triazole in anhydrous pyridine in 90% yield. The phosphodiester (8) was incorporated 51 3"
into the oligonucleotide sequence CTCA-CGTACTGGTT using automated solid phase phosphotriester methodology . (-= no base analogue).
Scheme II (Figure 2)
The synthetic strategy for the synthesis of the phosphodiester (14) is 16 modelled on the C-nucleoslde studies of Buchanan et al . When the hemiacetal (9), prepared by acid hydrolysis of the acetal (3), was treated
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By conducting the reaction at -23°C, selective attack of the Grignard reagent at C. was achieved and debenzoylation minimized.
Ring closure of the diols (10a) and (10b) using a catalytic amount of benzenesulphonic acid in refluxing toluene gave an anomeric mixture of the ethers (lla) and (lib) . The pure 8-anomer (lib) was obtained in 33%
yield after three recrystallizations from diethyl ether. Due to the poor solubility of (lib) in methanolic sodium methoxide et ambient temperature, debenzoylation was carried out at 40°C to give the diol (12) in 98% yield.
The synthesis of the phosphodiester (_14_) was then completed by protection of the Cj.-hydroxyl with the 4,4'-dimethoxytrityl group followed by phosphorylation as previously described. The phosphodiester (14) was then 5' 3'
incorporated into the oligonucleotide sequence CTCAijCGTACTGGTT
Purification and Sequencing 18 The oligonucleotides were deprotected by published methods and purified using Jcnexchange chroma tography. The purified oligonucleotides were labelled using (y-p) ATP and T4 polynucleotide kinase and their sequences 19 determined using the mobility shift method of Jay et al .
In the case of the no-base analogue, it was found that under the snake venom phosphodiesterase conditions employed, the digestion stopped at the point of incorporation of the no-base analogue. The same was generally true for the aromatic analogue although complete digestion could be seen faintly with the hydrolysis of the phenyl analogue giving a "jump" similar to that observed on losing Kcal/mol for sequence B. The calculated energies (Table III) and extracted with dichloromethane OxlOOml). The separate organic extracts were washed with ice cold water (100ml), combined and dried (Na^SO.). and evaporation of the solvent jji vacuo gave an anomeric mixture of 9^7 (7. 5g, 86%) as a colourless oil. Benzenesulphonic acid (lOOmg, 0.56 mmol) was added to dry toluene (60ml) and the solution refluxed through molecular sieves (3A, lOOg) for 1.5 hours.
A mixture of the diols 10a + 10b (5.0g, 11.9 mmol) dissolved in dry toluene requires 383.0452.
